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. .
SUMMARY ‘ ‘ .,

A series of tests has been qerfomec!l in the Langley
free-spinning tunnels to determine the spin and recovery
ohareoteristies, longitudinal-trimming oluiracteristlcs at
extreme angles of.attack, .md trebling tendencies of a

+
-scale model of the Cornelius XFQ-1 gllder~ The

17,
tests ware made at an equivalent altitude of 15,000 feet-

‘Eheeffeots of loading, mass distribution, and
oenter-of-gravity position upon the model oharaoteristlos
were determined. The inverted spin oharaoteristlos M
the spin-reoovery paraohute requirements were”also
investigated.

The results of the tests ahowd that the mode-l would .
spin in a flat attitude with extre~ osoillationsm M
general, reversal of the rudder alone or extension of the
spoilers stopped the spinning rotatton~ but the model
remained in a stalled glide; Movement of the elevator
down pitohed the model out of this glide. b it*lnal-

Ytrim tests indioat.ed fiat Inmeasdq the “elewa or-down :
setting to 200 insured pitching the model from this . c
stalled glide, but the spin results indicated that oare
must be exeroised to avoid entering an Inverted s lm

!’A b.s~foot and a 7.5-foot (laid out flat diameter silk
tail paraohute effeeted satisfactory recoveries when
opened during spins of tie gilder for the mlnlmum flylng

— ..— —...— —.—.- -.
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weight and the fully loaded conditions, respectively. “
The model would tumble unless the elevators were held
against the rotation.

,.

INTRODUCTION

At the request of...theArmy Air Forces, Air Technioal
Service Command, a series of tests has been performed in
the Langley free-spinning tunnels to determine the spin
characteristics, longitudinal-trim characteristics, and

tunbling tendencies bf a &-scaie model of the XFG-1

glider. The”wings cof.thelglfder are ‘swept forward. and .
are located near the rear of the fuselage and have
spoilers to aid in landing, The glider has a con-
ventional vertical tail surface but has no horizontal
tail surface, the elevator controls being on the wings
inboard of the ailerons.

.
Two loadlngs were tested, correspondi~to the

glider in the minimum flying weight condition, and in
the fully loaded condi”tton. The spin and recovery
characteristics for both loatings were determined.with
the spoilers neutral or extended, with the landing gear
on and,off, with forward and rearward positions of the
center of gravity, and with various moderate changes In
ms# distribution. The inverted-spin characteristics
.f’m both loading conditions were also determined, and
the effect of increasing the wing dihec)ral was deter-
mined for the minimum flying weight condition. Spin-
recovery tail parachute tests were made for both loading
conditions. The longitudinal-trimming tendencies of the
.modpl mounted free to pitch were investigated, the
effe~ts of spoilers, landing gem, and center-of-gravity
location .being determined.

Tumbling tests were madk for the model in the mini-
mum flying weiglht snd fully loaded conditions, during
which the effects of oenteu-of-gravity posltlons,
spotlers, and landing gear were determined...

“.
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wing area, square feet

wI* span; feet

mass of g~ider, slugs “.

mean aerodynarhic chord, feet’

ratio of distance of center of gr!wity “
rearward of’Ieading edge of mean aero-
dynamic chord to mean aerodynamic
chord

... . . .

ratio of distance between center of gravity
and fuselage centerline to mean aero-

. dynamic chord (positive when center of
gravity Is below fuselage centerline)

moments of inertia about X, Y, and Z body..

axes, respectively, sl@-feet 2

inertia yawing-tiornentparameter

inertli rolling=moment parameter
..

inertia pitching-moment parameter ..
.

airplane relative density ‘.

air density, slug per cubic foot

full-scale true rate of descent, feet per
second ..

.. . ,

angle of attack, de@ees

—.
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APPARATUS AND ‘METHODS
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Mode1

Two dimensionally identical &-scale models of
17.8

the ~G-1 glider were built and prepared for testing
by Langley. TWO models were btiilt in order to expedite
the tests in case of’excessive dsm~e to one of the
models and because a model built to be ballasted for
the light loading would be too weak structurally for the
heavy loading.

The dimensional characteristics of the full-scale
glider are given in table I. A three-view drawing of the
model with the landing gear on Is presented i.nfigure 1.
photographs shoWhg the model with the spoilers extended,
landing gear off and on, are shown ,in figure 2.

The models w-e ballasted with lead weights to
obtain dynamic similarity to the glider at .gnaltitude
of 15,000 feet (p = c.co4g6). A remote-control meeha-
nism was installed in each model to actuate the controls
for the recoveries. The landing gear was independently
ballasted so that correct mass characteristics were
obtained for the model with l~di.ng gear cff and on. “

Wind Tunnel and Testing Technique

The tests were performed in the Langley free-
spi.nningwind tunnels - the spin and tumbling tests In
the 20-foot tunnel, the longitudinal-trim tests in the
15-foot tunnel.

.

With few exceptions, the operation of the 20-foot
tunnel is similar to that of the 15-foot tunnel as
described in reference 1. The model launching technique
for spin tests has been changed from launching with a
spindle to launching by hand with spinning rotation.

by thw
.- The spin data presented were determined

o s presented In reference 1 and have been
converted to corresponding full-scale values. Because
of the oscillatory and wandering motion of the models,
quantitative dat& could generally not be obtained; there-
fore, only a description of the model motion before,
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and the flight path after, control reversal Is presented,
together with the number of turns it took the model. to
stop “rotat-ingafter the control was.revafised.“ The tests
were performed for the normal spinning cbntrol oonflgu-
ratlon (elevator full up, ailerons neutral, and rudder
full with the spin) and for various other aileron-elevator
deflection combinations including neutral and rhaxlmum
deflections of the surfaoes for the various conditions
te,sted.

For the spin-recovery parachute tests, the model
was launched into its spinning condition with the rudder
set full with the spin. ~eoovery was then attempted by
openhg a tail parachute. The parachutes used webe the
flat circular type made of silk and had a drag coef-
ficient of approximately 0.7 based on the surface area
of the canopy. The diameter was measured when the para-
chute was laid out flat. The towline was attached to
the tail cone of the model and the parachute was packed
in such a manner so as not to change the spinning con-
dition.

Longitudinal-trim testa.- For the longitudinal-trim
. tests, the model was mounted on a special rig fixed in
the center of the tunnel. (See fig. 3.) The model was
restrained from any movement about the roll and yaw axes,
but was free to rotate about a pitch sxis”through an
angle of plus or minus 90°. provision was made for
mounting the model at various center-of-gravity locations
through a range of from 9 to 19 percent of the mean aero-
dynamic chord. The model was mass-balanced about the
pitch axis for the particular center-of-gravity location
desired.

The model was rotated to zero angle of attack by
strings attached to the nose and tail. The airspeed In
the tunnel was then increased and the model was allowed
to assume an angle of trim. In order to determine if
there was more than one angle of trim for any condition,
the model was rotated by means of the strings, and the
trim angle was measured when the strings were released.
The.trim angles were read by means of a protractor
mounted on a tunnel window which was approximately
parallel tq the plane of symmetry of the tiodelh These
tests were .arbitrarily perfcrmed with an approximate
tunnel airspeed of ~ feet per second. .

I
,, ..— -- . -—.. .. . ..--— -— ——
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Brief foroe tests wers also run in the free-flight
tunnel. to determine the neutral point of the model and
to obtain data which could be compared with the results

“ of stmllar balance tests performed at ‘WrightField.
. .

~ Wnbli& tests.- In order to determine the tumbling
tendencies or the model, the model was either released
from a nose-up “position to stmulate a whip-stall or was
given an initial pitch@ rotation about a lateral axis. “
In the tests in whioh initial rotation was given the
model, because 03 the confined space of the tunnel, only

- enough pitching moment was applied by hand to Insure
that the m“odel would make ~t least one complete turn
before it struck the-safety net for cases in which it
would tumble,” dr that the model would me.ke approximately
me complete turn before it stopped rotating for cases.
In which it Would not tumble. The number of turns the
medel took before it ceased to tumble or before it hit
the safety “net was observed, as well as the behavior of
the model while it was tumbling and after it ceased to
tumble. .

. . “Moving pictures were taken of both types of tumbling
tests so that a study of the model motion could be made~
Approximate verti~al rates of’descent of the model during
the .tumblin~ tests were determined from the f$lm records
of the tumbling maneuver and”from the tunnel airspeed.
The camera speed being known, the epparent vertical rate
ef descent Was determined from the number of frames of
film in which the”model moved a certain vertical
distance. This apparent verclcal rate of:descent was
added to the tunnel airspeed, giving an approximate
vertical rate of descent of the model during the tumbling
maneuver, Three rudder-aileron control combinations were
tested for elevator full up, neutral, and full down:
rudder neutral, ailercns neutral; rudder fully deflected,
ailerons neutral; rudder neutral, ailerons fully
deflected. ●

PRECISION

Inasmuch as the motion of the model during spin
tests was mostly” very wandering and oscillatory, the
only precise data obtafned were the number of turns the
model took to stop rotating after control reversal.



MR NO. L5K21 7

... ... -
Thk~e “IXirtisare believed to be+the true mode L Ivalues

.within the following limits:

+1 +jWn w~n ~bt~lngd from fib records
T“

.

~~ turn when obtained from vlsual observation
2

.
These limits may have been e,xeeded“somewhat for cases in
which the model was extremely difficult to test. Only
approximate values of rates of descent and rotation
could be obtained! .

The angles of trim of the”model obtained from the
longitudinal-trim tests are believed to be within ~2°
of their true values.

A comp&ison of model and atrplane spin results
(references 1 and 2) indicated that the spin-tunnel
results were not elwa7s in complete agreement with the
full-scale airplane results. In generc.1,models spin
at a somewhat smeller angle of attack, at a soinewhat
higher rate of descent, and with 5° to 10° more outwar~
sideslip. The comparison made in reference 2 showed
that 80 percent of the model recovery tests predicted
satisfactorily the corresponding full-scale recoveries
and that 10 percent overestimated and 10 percent under-
estimated “th6full-scale recoveries.

Becauss of limits of accuracy In ballasting the”
models end becsuse of inadvertent damage to the models
during the spin tests, the measured weight and mass dis-
tribution of the model varied frotithe true scaled-down
values by the following limits:

Model ballasted for”min$mum flying weight condition .
. (w$th pilot and lending gear)

●

Weight, percent . . ... . . . . . . . . . 0 10W, 3 high
Center of gravity . ... . . . . 0.015 reerward to 0.053

I

forwwd of normal
.-Moments of IX. . . . . ... . . . . . . . 11ow, 22high
. inertia, IYa _ ~ “.‘.“.:Q 9 9 .’} ~ .= 97-~~~~i51h~~
percent.

1
Izo ● . .. . . . .. . . ● ● ● - ●

.
. . . . . . . .

---

— . .- . ....-.— .. - __ _ -



I

8 “ “. . Ml?”No. L5K21

Model ballasted for fully loaded condition (with pilot
aridlanding gesr)

Weight, percent J . . . . . . ● i . . .“ . . 2 low, 1 low
Center of gbavity , . . . . . : 0.053 rearward to O.01~

w forward of norm&1
Moments of

/
lX” “ “ “ “ “ ● “ ● “ “ ““”

5 high, 17 high

inertia, Iy. . . . . ● ● . ● “= s ● ● ● 91ow, 15hi@

1
percent 12. . . . . . . . . . . . . 8 high, 32 h$gh

The accuracy of measuring the weight and mass dis-
tribution of the model is believed to be within the
following limits: ..

Weight, percent. . . . . . . . . . . . . . . . . . .~l
Center-of-gravity location, percent E . . . . . . . . *1

.
Moments of inertia, percent . . . “.. . . . . . . . . *5

The controls were set with an.accuracy Of tl”.
.,

TEST CONDITIONS

Spin tests were mada for the.model conditions given
in table II. The mass characteristics and l~ertia
parameters for the.possible loadinga of the glider are
shown in table III. The values of the corresponding mass
characteristics and Inertia parameters for the models as
tested are presented in table IV. In addltlon, the
inertia parameters for both the Models -d glider are
plotted on figure 4. The basic loadings tested were
the minimum flying weight with pilot and landing gear
and the fully loaded condition, with pilot and landing
gear. These loadings are herein referredto as the
minimum flying weight aid the fully loaded conditions~

The maximum control deflections ysed for spin amd
tumbling tests wer6:

“ Rudder. . . . . . ● . . . . . . . . 25° right, 25° left
Elevator. . . ? . . ? . . ~ . . . .+. 30° Up, 20° down
Ailerons. . . . . . . . . . ~. s ~. .~” Up, 15° down
Spolleis. . . . . . . . . . . . . i.. . . . . 90° up

I
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At the start of the spin te~ts the maximum dow&
elevator travel was only 10°, but subsequent to the.
“longitudinal-trim tests the eleva~or=down-deflection
was changed to 20°. , The,xiiaximumdokn-elevator travel
used for the tesls is noted on each of the tables of .
results.” . . .

,0

Variations in mass distribution w&e investigated
in order-to allow far the limits of accuracy of’the
computed+glider and mo~el values and also tp .allQwfor
any rearrangement. of loadi~ which might lead to a
spinning condition in which a.longer period of”time is
required for reoovery’after control reversal. “

For the investigation of the effect of wing dihedral
on the spinning characteristics of the model, the wing
dihedral was increased from 2° to 80.

The conditions tested for the longitudinal-trim *

tests and tumbling tests are given in tables V and VI,
res~ectively. *

RIRULTS AND DISCUSSION .

The results of the spin tests are presented in
tables VII to X,X. Results of right and left spins were
quite similar end results for right spins are arbi-
trarily presented (glider turning to pilot!s right).
Tlieresults of the spin-recovery psrachute tests are
presented in table lQCI, and the rbsults of the
longitudinal-trim tests .are.presented in table lQCII.
Tables XXIII to XXV contain the tumbling test results.

Spin Te”sts - Minimim Flying Weight

N~rmal condition.- The results of the tests for the
minimum lYin6 ?ei@t condition with the spoilers
neutral are presented in”table VII.. When the controls
were set for the normal spinning configuration (elevator
full up, ailerons neutral, and~dde.r. full with.the
spin), a “m.otidnoscillatory in.roll and.pitch took place,

.with approximately feur oscillations per turn of the.
spin. Althqugh this motion resembled a wide radius
spiral, a definite condition of equilibrium appeared to

-. .— —.
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be present”. Reversal of the rudder stopped the rotation
in less than one turn, but the model remained in a
stalled glide.

..

Deflectir@ the .’aile~onswith-the spin generally
retarded recoveries s,lightly. Setting the ailerons
~alnst the s?in was favorable in that the model would
not spin when the elevators were neutral or down. When
launched with rotation into the tunnel for these latter
two conditions, the.model oscillated violently and turned
over into An inverted attitude. For the spins obtained,
the ap~roximate average rate of descent was 120 feet per
second, full scale, and the approximate average rate of

rotation was
2

revolution.per second, full scale.

“ Simultaneous full reversal of the rudder and ele-
vators for all elevator~up spins resulted in rapid
recoveries in which the model went into a steep dive and
then over onto its back.

..

Extension of the spoilers generally decreased the
oscillations and caused the model to stop,rotating, even
when the rudder was full with the spin (table VIII).
When the elevators were UP, however, the model remained
in a stalled glide after the rotation ceased; reversal
of the elevators from full up to full down after rotation
had ceased caused the model to go into a steep dive.
When the elevators were down, a spin could be obtained
from which a rapid recovery was effected by f’ullrudder
reversal.

The results of tests of’the model simulating the
condition in which the landlng gear has been jettisoned
are presented in table IX.

These results, when compared with those with the
landing gear installed, show a slight adverse effect on
the suin and recovery chsracter~stics .of jettisoning the
landing gear.

There was little effect of increasing the wing
dihedral from 2° to 8° (results in table x).

Mass variations.- The results of tests with moderate
mass varlat 1ons tIx and 1? decreased 20 percent Ix,

and 12 increased 17 percent Ix from the normal minimum

flying weight. condition) are presented In tables XI
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and XII. These results are somewhat sihilar to those .
obtained with the model In the normal minimum flying

..,,.---weight..condition,. .&er being .~mnched In a spiqning
attitude, the model usuRlly went into a flat stalled”
attitude, oscillatory about all three axes sometimes
with rotation about the vertical spinning axis and some-
times with little”or no rotation about”the vertloal ~
axis. The rotation was stopped by”rapid rudder reversal,
but the qodel”ramaine”d in a stalled glide when the ele-
vators were up or neutral. Results of longitudinal-trim
tests indicated that movement of “theelevator to the
full-down posltlon (20°) after rotntion had ceased
would havp.undoubtedly’pitched the model” into a steep
dive.

Center-of-gravity movements.- When the center-of-
gravi%y locatlon was 3 percent “of the mean aerodynamic
chord rearward of normal (table XIII), the spin and
recovery characteristics were similar to those with
normal center-ef-gravity ”posltions~ except that when
the elevators were only 100 down, the model remained in
a stalled glide after rudder reversal. The longitudinal-
trim tests indicated that the-model would recover from
this stalled glide if the elevators were moved 20° down.

When the center of gravity was moved 5 percent of
the mean aerodynamic chord.forward of normal (table XIV),
the spins were oscillatory and relatively steep when the
elevators were neutral or down, but recoveries by rudder
reversal were,unsatisf-actory. The steep attitude of
these spins apparently made the’rudder ”ineffective .
because of shielding of.the rudder by the wings “and for
this reason it is not considered advisable to spin the
glider with the center of @aVlty forwerd of normal.
Recovery may be effected .inthls loading by holding the

‘ elevators full up, reversing the rudder tb stop rotation,
and after the rotation has stopped, fully reversing the
elevator to dive out of the stalled glide.

Inverted spins.- The results of the inverted spin
tests are presentqd in table XV. For inverted spins,
the designations of the control configurations are
different from those used for erect “spins”. ‘tControls
togetherlt.means that when the right rudder pedal .is ~
ferward the stick Is to the pllotfs right, and ‘tcontrols ~
crossedl’mqans that when the right rudder pedal is
forward the stick Is to the pilotrs left. when the
controls are together in an inverted spin, the ailerons
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oppose the rolling motion; when the controls are crossed,
the ailerons aid the rolling motion. The model would
spin oniy with the controls crossed and the stick for-
ward f’orthe developed spin. Rapid full rqdder reversal
stopped the spinning rotation; t-hemodel, however,
remained in a flat inverted position. Hovement of the
stick full back would pitch the glider from this flat
inverted glide, but results indicate that care should be
exercised to avoid entering an erect spin when the stick
is moved full back. For the other control configurations,
the’model motion was very oecilletory and the model went
into an inverted glide or dive with stick forward and
into an erect position with stick neutral and back even
though the rudder was held full with the spin.

,. Spin TOStsl- FU~”ly”LOaded . .

The results of tests of the model in the fully
loaded condition are presented in tables ~VI to XX. In
general, the results were quite similar to those of the
model in the minimnzm flying weight condition for both

- erect and Inverted spins.

Spin-Recovery Psrachute Tests

The results of tests tc determine the optimum size
of, and towline length for, spin-recovery tail parachutes
(table XXI) indicate that a 4.5-foot (flat circular) tail
parachute with a ~-feet toivlinewill preduce satis-
factory recoveries for the minimum flying weight con-
dition. A 7.5-f’oct di-ter tail psrachute with 27-fcot
towline will be satisfactory for the fully loaded con-
dition. These results are based on tests with silk
parachutes having a drag coefficient of approximately 0.7.

Longitudinal-Trim Tests

The results of the longitudinal-trim tests of the
model presented irltable XXII appear to be In gocd agree-
ment with.the results of the spin tests. ‘#hen the center
~f gravity was at the normal location (14 percent M.A.C.)
the model trimmed only at positive angles of attack when
the elevators were full up and only tat ne ative angles

~of’attack when the elevators were down 10 . Hcwever,

—. .



. . .

. . .

MR No. L5K21 13

1° downs ‘he m
when the elevators were only 7= ode1

trimmed at ‘both negative and-&%itive aruzlesof attack,
,andfrom the resul~s it appe&d that a down-elevator -

“ setting of 10° was barely .enough to prevent trim con-
“ditions at a positive angle of attack. Trim in the
normal flight range of angles of attack could not be
obtained with the elevators neutral. Brief forde tests
in the Langley free-f~lght tunnel Indicated that the”.
spin-tunnel model would trim iq”the normal flight range
of angles of attack only with small down-elevator settings.
The results of the Langley freq-flight tunnel tests and
results of Wright Field tests in their ~-foot tunnel are
compared in figure 5, The free%fltght tunnel tests”
showed an earlier stall an~ an upward shift of the
pitching-moment curves in the positive direction, and
indicated that smell.elevator-dawn deflections were
needed for trim in the normal flight range. Addltlonal
longitudinal trim tests with small elevator-down settings
showed this tendency to trim in the norme.1flight range
for the spin-tunnel model.

The position of the spoilers and disposition of the
landing gear had no effect on the general trimming -
characteristics of the model with the center of gravity
located at 14 percent of the mean aerodynamic chord. -

When the center of gravity was located at ~9 percent
of the mean aerodynamic chord and the landing gear was
off, the results indicate t~at”more than 20° of down
elevator is necessery in order”to pre-vent the model from
trimming at relatively large pos$tive angles of attack
fer this condition. otherwise, the results of the trim
tests with the center of.gravity moved rearward of normal
were very simil~ to those with the center of gravity at the
normal location.

Tumbling Tests

Minimum flying weight conditlon.- The results of
the ttibliw tests in which the model was released with-
out Initial-rotation from a nose-up position to simulate
a whip-q$a.11.condition are presented in table XXIIT.
The model did not tumble for any control configuration,
but executed a series of extreme oscillations- in pitch
during which the model would pitch through almost *1800
measured from the nose-down attitude. An.attempt was
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made, by means of the film records of these tests, to
determine if these oscillations damped out. NO damping
effect could be observed in the shQrt distance the model
had to fall before hitting the safety net (approximately
12 feet).

The results of the tumblirg tests in which the
model was given Initial rotatlonl about tinewing axis are
presented In table XXIV. For all conditions tested, the
model continued to tumble in a positive (nose up)
direction when the elevators were up and in the negative
(nose down) clirectlon when the elevators were down. The
model stopped tumbling, however, when the elevators were
set against the pitching motion. 1 With the elevators
neutral, the model continued to tumble h either direotion
when the landing gear was on and the spoilers were
retracted when the center of gravity was normal or 5 per-
cent of%the mean aerodynamic chord rearward of normal.
-For the ndrmal center-of-gravity location, when the. .
. landing gear was on and the spailers were extended, the
modal would tumble in the negative direction with the
elevators neutral. Slm*larly, the model would tumble in
the negative direction with neutral elevator when the
landing gear was off and the spoilers were closed. when
the center ef gravtty was 5 percent of the mean aero-
dynamic chord fcarwerd of normal, however, the model
wculd net tumble with elevators neutral.

Fully loaded condition.- The results of tumbling
tests of he model in the fully loaded condition are
presented in table XXV. For these tests, the model was
“given initial rotation about the wing axis. The model
stopped tumbllng when tha elevators were “set against the
rotation, but generally, continued to tumble for other
elevator positions. The results obtained were generally
similar to those obtained with the model in the minimum
flying weight condition (with pilot and landing gear).

CONCLUS1ONS
. . . . .

Based on the results of tests of ~-scale models
17.8 .

‘ of the XFG-1 glider; the following conclusions regarding
.. ..

-. . .
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the ‘spin and.reoovery and hmhling :bharaqtqrlstias of ““
the gltder a~-~.test altitude of’15,000 feet have been ,
made : .. . ,.. ,

.

1, The motion of the glider In.a spin wI1l be
osolllatory about all three axes. The rotabion can”be ‘“”
terminated satlafaotorl.ly.by reversl~ the rudder,-.but ‘ ‘.
~ elevator must alao .be moved to a ‘dawnposition of
20 to Insure nosing down from the stalled attitude. . “ ~ “
Care should be exerilsed by the pilot, ho?ever,” In
to avoid entering an inverted spin.

2. Extending the spoilers .wI1l decrease the
osolllatlons and cause the g“llder.to stop rotating
thq:.eLevators are up or neutral even if the rudder
held ’f@.I with the spin. .,. ..

..

order

when
is

.3* Jettisoning the landi~ ~~ax?or moving the .
cen$er of gravity 5 percent of the mean aerodynamic .
chord ..forwardor re&rw,ard of normal will have an adverse
effect oh recovery ojmmaoteristics. - .

.4. Increasi& the wing dihedral “or varying the
mass distribution moderately will have no appreciable “ ,m
effeot on the spin and recovery ch.aracteristlcs.

59 The glider will spin inverted only when tho
stick IS forwnd. The rotation can be stopped satis-
factorily by reversing the rudder$ but the stick must
be moved baok to insure nosing out of the stalled
inverted position. Care sh$uld be taken to avoid
e.ntering”an erect spin when the stick is moved full
baok.

.

6. A ~.5-foot diameter silk parachute with-a
27-f~ot tewltie for the minimum flying weight cendition, *
azida 7.~-f’oot diameter silk parachute with a 27-foot
towllne for the fully loaded condition will give satis--
fautory-recoveries by psrachute action alone.

. ..

1

, . .

. ..-.
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MR No. Ii5K21

TABLE I

.,. . DIkl?NSIONAL CHARACTERISTICS OF THE

CORNELIUS XFG- 1 FUEL GLIDER

Wing span, fat...... ● ooa90. team.. .0 54
Iangthover all, ft.... . . . . . . . . . . . . 29,4

Wing:,
Area, sq. ft....... . . . . . . . . . . .
Incidence, deg

356-

Root . . . . . ..9 . . . ● ● . . . . . . =. . 0
TIP. . . . . . . . . . . , . . . . . . . . . 1.5

Aepectratio, . . . . . . . , . . . . . . . . . .“8
Dihedral (var”iable)along

quarter chord, deg. . . . . . . . . . , . . 2to 8
Sweepforward at quarter chord, deg .. . . .. . . . 15
Mean aerodynamic chord, In.. . . . . . . . . . .85.82

Ailerons (unbalanced):
Area, sqftm . . . . . . . . . . . . . .“. . ; . 31.6
Span, in.. . . . . . . . . . . . . . . , . . ..171..25
Chord (rearward cf hinge line),

percent whgchord.. . . . . . . . . . . . . ; 20

Elevator:
Area, sqft. . . . . . . . . . . . . . . . . . . 3&$
span,i n.. .“.. . . . . . . . . . ● . . . . . ..
Chord (rearward of hinge line),

percent wing chord. . . . . . . . . . . . . . . 25

Vertical tail:
Area, sqft. . . . . .“. . . . . . . . . . . . .43.5
Span (from~ of gilder), In. . . . . . . . . . . 125

Rudder area, sqft. . . . . . . . . . . . . . . 19.4

NA~lO~~ ~vIso~

COMMITTEE FOR AERONAUTICS
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TAME 11
.

S.PIXTEST COK’DIT1=SFOR THE ~. SCALJ3
NATIONALADVISORY 17.8

C01!3HTTEEFOR AEROYAUTICS ?:OllEL(?FTEE .XFG-lGLIDliil

No.
—.
1

;
4

5

6

7

8

9

10

11

;;
4

15
16

17

.—.—.. ——. .— —-.

Loading
.— —--

Minimum f1ying
weight

------do------
------do------
------do------

------do------

------do------

------do=-----

------do------
------do------

------do------

Full load
------do------
------do------
------do------

-=----da------
------do------

------do------

—

.-—..—.— .—--— .-

Mass variation
—

None

---------do---------
---------do---------
IX and Iz decreased
20 percent of Ix

Ix and Iz increased
17 percent of Ix

c,g. rearward5 per-
cent of l?..4.C.

e.g. forward5 per-
cent of M.A.C.

None
---------do---------

---------do---------

---------do---------
---------do---------
---------do---------
e.g. forward5 per-
cent of M.A.C.

None
---------do---------

e.g. rearward5 per-
cent of M.A.C.

—.—.- .—-...—— .—
Lad ing
gear

on -

----cio----

Jettisoned
Chl

----do----

----do----

----do----

----do~---

----do----

----do----

----so--- -
----do----
Jettisor.ed

on

----do----

----do----

----do----

— —.

Spoilers

Neutral

Exterided
Xeutral
---d~---

m
---do---

---do---

---do---

---do---

---do---

---do---

---do---
Extended
?Jeutral
---do.--

---do---

---do---

---do---

—.-

Yodification

Uone

-----do-----
-----do-----
-----do-----

-----do-----

-----do-----

-----do-----

-----do-----
Wing dihedral
changed from
2%o 80
SpiE-recovery
parachutes
None

----~do-----
-----do-----
-----do-----

-----d9-----

Spin-recovery
parachutes

-----do-----

Type of—
win
Erect..

---do---
---do---
---do---

---do---

---do---

---do---

Inverted

Erect

---do---

-:-do---
---do---
---do---
---do---

Inverted
Erect

---do---

—

.—

JData on
table

VII

VIII
IX
x

I~1

XII

XIV

XV

XVI
XVII
XVIII
.XIx 5

~
xx “
XXI “ ~

~
.XXI F



TABLE III.- WEIGHTS, CENTER-OF-GRAVITY LOCATIONS, AND MOMENTS OF INERTIA

FOR VARIOUS LOADINGS POSSIBLE ON THE XFG-1 GLIDER

Center-of- Momenta of
8Loadlng Weight

p at ~ at
grnvlty inert~

(+b) 8
15,000 sea

locatjon (,slug-ft )
Maas pmemetera

l% level

43 d~ IX IY IZ Ix - Iy Iy - Iz Iz - Ix

~bz ~b2. ~bz
t,

1
lllnlmumflYing

weight with
pilotand
landinggear

2Ml:~;tf;~;;8
3881.20.4 4..05151394446 0775 4.20 2.65 19.7x 10-4-122.7x 10-4 103.0x 10-4

pilotend25
gallonsof
gaeol~ne 3599.3 .16

3~lnlsnuatlYlng
-.0874798I+J+368635 3.85 2.45 11.1x lo-J+.128.6x 10-4 117.5x 10-4

weightvlthout

5
pilot 3681.2 .19 -.05551334131 8455 3.96 2.49 30.1x 10-4-130.1x lo-J+99.9x 10-4

FU1lloadwith
@lot and

4
l~nd~nggear 7997.2 .4 -.02253874935 9253 8.61 5*43 6.3x 10-4

Fullloadwith-
-59*7x 10-4 53.5x 10-4

out pilot and
landlnggear

6
7782.2‘ .19 -.03649054329 81jos8.40 5.30 8.2x 10-k -59.2x10-4 51*OX10-4

FU1lloadwith

?~d&w&&t 7602.2,.13 -.03352934840 9249 8.19 5.16 6.6x 10-4 .64.1x10-4 57.5x 10-4

●Numbera correspond to numbered polnt~ on figure 4.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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MR No. L5K21

TASLS IV.- FOLIrSCA12 VALUES OF THE WEIGHTS, CEWTER-OF-GRAVITY LWATIONS,

AND MOMKNTS OF II?KRTIAFOR TsS LOADItiGSTESTED ON TEE XFG-1 MODKL

●Loadins
Cant*r-of-” ncm.nts of p mt & at

weight gravity inerti
5

15,000 ●ea
(lb) location (mlug-ft ) rt 1*VO1

Mu* Pamu0tmP9

45 4= Ix Iy Iz xx-%
~-Iz Iz - xx

1 2 2
Minimum rlying mb mb &

weight with
pilot and
landing g.ar 3846 0.4 -0.0525oe4 4369 9365 4.13 2.61 20.3x 10-4 -43.5 x 10-4 -L

2Minlmum flylng
123.2 x 10

wlght with
pilot, landing
ge.rdjatti.

Ginimum flying
3507 .12 ..035 4789 4275 9096 3.79 2.58 16.2 X 10-4 -152.0x 10 -4 135.8x 10-4

weight with
pi 10t and
lmnaing goW
(C.g. F*UWU-J
5 p.rcontXAc.) 3846

3
.19 -.052 50E4 3844 8840 4.13 2.61 35.6x 10-4 -43.5 x lo~ 107.9x lo~

Minimum flying
weight with
pilot and
lmnding goar
(e.g. forward
5 percent M.A.C.) 3U6

5MinimUE4flyi21S
.09 -.052 5084 4861+ 9860 4.13 2.61 6.3x 1o-4 +.43.5x 10-413?.2X 10-4

weight with
pilot and
;~dfyzs~y

oremmed 17.2

6
porcont of IX) 4004 .4 -.058 5941 4369 10222 4.30 2.71 43.3x 10-4-161.3X 10-4 118.o X 10-4

Minimum rlying
weight with
pilot ●nd
landing goe.r
(IX & Iz de-
cr~aaed 20
percent OfIX) 3890 .11$ ---- 4060 4369 8340 4..a 2.65 -8.7X 10-4 -112.5x lo~ -4

%u;ll$aQith
121.2 x 10

landi~ war 7866 .ll+ -.010 566111+73810,2UI+8.51 5.35 13.0x 10-4
2Fu11 iomd with

-76.6x 10-4 63.6 x 10-4

pilot,lmding
gamrJ.tti-
●onmd 7547 .12 -.023 53eJ+4655 9930 8.13 5.11 10.7x 10-4

3F~lll~adwi~ -77.4x lo~ 66.7x 10-4

pilot ●nd
lsnding gaar
(e.g. forward
5 p*rc*ntmJ&) 7886 .08 -.010 566h 5736 11.?338.51 5.35 -1.0x 10-4 -76.6x 104 77.6X 10-4

%wbors oorrospond to nwborod poka on figuro 4.

NATIONAL ADVISORY
COMlfITT~ FOR ABROEAOTIOS



TABLE V

LOEGI’TUl)Ili&L-TIIIMTEST CONDITIONS @N’

THE 1
—-SC ALU MOD.EZ 01’TEE .X3’(+1 GLIDER17,8

—

T
———-—.. —

T

—-——...—.—
, Center-of-qravity ~

~_ ;-

1

No ● locat ion ~ Landii~~

1

Spoilers , Data an
_~ercent ?;:..I,C . gear

p
t able.—..—— —.. —-— .- —. .-—-._____ ——- .—— —,..__________

$ On :i~eutral XXII
: i ----do---- !Extended

?.
$ I Jettisonecl I?eutr?.1

----do----
5

~;:t~~~ed

L

19 ;Feu~~,21
b 19 --::---

Z

IExtended
19 i Jettisoned 1 Neutral
19 ----do----

-.-—.._--J-‘Xtended
\/

——. - _— –.––– L–

NAT 1CJ?;ALADVISORY
CONHJITTEE FOR AERONAUTICS



.— ..-

NO.
—-

1

2
3
4
5

6

,—.—.-— ,-_-_. -.. ——-.-—---

Loading

L!ininmrmflying
weight

------do------
------do ------
------do------

------do------

Full load”
—-—-— — -—--.-.-.-...—

——--—..—.—.—.-..-...—-—— --

Mass vmintion.
--.-—.——-.—————- -.

7.T~qone

---------do--------
---.--..---c~’c)--------
C.gF f’ori’~rm’d~ per-

cent of’fif.$,.~,.
e.g. rearward 5 per-
cent of N.A.C.

‘None
-..——..—.—-—--------.—— ..-..---

------ ..——--- —--— .-

Landlr,:Gear
—— —-—-—-—.

Cm

Jettisoned
On

-----do-----

-----do-----

-----do-----
-—.--—.—---———.—.-

Spoilers
.——

j~~~~tp~l

---do---
iixtended
Neutra1

---do---

---!Jo---
—————.—. .-

——
i

Data on;table
——

XXIII &-XWl

XXIV

1’

xxv

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TASLE VII.- RESULTS OF SPIN TESTS OF A 1 -SCALE MODEL OF TRE XFG-1 GLIDER
m

IN TRE MINIMOM FLYING WEIGHT CONDITION WITH SPOILERS NEUTRAL

ljodelIaunohed erect with spinning rotation, rudder full right; indicated controls reversed~

Elevator
aettlng

Full UP

Do----

Do----

Neutral

Do----

Do----

own (100)
D9----

Do----

Aileron
setting

Description of model
motion (be’fore
control reversal)

Extremely oscil-
latory; alternate

rolling and yawing
notion

Very oscillatory,
inner wing dropped
and model yawed
into epin

Extremely oscil-
latory; elternete
rolling and yawing
motion

Pitched and rolled
onto back; went
into left spin
when launchedwith
rudder against
rotation

Very oscillatory,
inner wing dropped
and model yewed
into spin

---------do---------

Pitched Into dive
Extremely oscil-

latory; alternate
rolllng end yawing
motlona

---------do---------

Full agalnat

Neutral

FU1l with

Full against

Neutral

FU1l with

Full againet
Neutral

Full with

NATIONALADVISORY
COMMITTEE FOR AERONAUTICS

Flight path
(after full

rudder reversal)

Made from 1A to
~/1+of a turn
and went into
stelled glide

Made from 1/4 to
1/2 of a turn
end went into
etalled glide

Made 1A of a
turn and went
into a stalled
glide

--------

Made 1A of a
turn and went
into etalled
glide

Made 1/4 to 1
turn and went
into stalled
glide
------.-

Would probably
have gone on
lte back after

approx. 1+ turr

Made 1/2 of a tur
and rolled on
back

Flight path
(after elmultaneoua
full reversal of

rudder and elevator)

Made from 1A to 1/2
of a turn and went
into steep glide
or dive

Made 1A of a turn
and went into
steep,glide or
inverted apln

Made 1A of a turn
and went into
dive

----------

-------- -.

. . . . . . . ..-

----------
---.------

----------

Flight path
(after elevator

reversal)

Made 1A of a
turn and went
into steep
glide or div.

Made from 1A to
1 turn and wont
into steep
glide or dive

Made from 1A to
l/i?of a turn
and went into
steep glide or
dive
--------

----.---

--------
----.----

-------- z
0
.



—. —.... —.-——.

Elevator
setting—..—.——

Full Up

Do----

Do----

Neutr8.1
Do----

----
).wnD~lOO)

Do----

Do----
— —-.—-

!W?SULTSOF SPIN

IIT“THEXINIMUN

~lodel launched erect witi:spinning rotation,
rudder full right; indicated controls reversed]

—. .-——— ..—

Aileron
setting-.——-..—-—----

Full against
Neutral

Full with

Full against
Neutral

FU1l with
Full against

Neutral

Full with

Description of model ~ Flight path
motion (before ! (after full rud-
co~ltrolreversal).———-..-.-—.— --——...

Stalled glide
---------de ---------

---------(30---------

---------do---------
---------do---------
---------do---------
Pitched into dive

E.xtrem.elyoscil-
latory, alternate
rolling and yawing
motion

---------do---------
—

dei=reversal).—.-.——-—— .-—.

------
------

------

------
------
------

Made 1/4 turn
and pitched
into a dive

------

Flight path
(after full ele-
vator reversal)

------

Went into steep
dive

Went into erect
spin or
inverted dive

------
--.---
------
---.--
------

------

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



~poilers neutral; model launched erect with spinning rotation,
rudder full right; rudder reversal from full right to full left]

I Elevator
I

Aileron
setting sett:ng

—.—. ...— ..

Description of model il]otion
(before rudder reversal]

Full UP (30°) Full against I periodically pitched from a
flat to a steep attil;ude

1
Do------- Neutral

Do------- Full with

f
Neutral

Do---A--

Do-------
Full down (10°)

Full against
Neutral

Full with
Full against

-L
Do------- Neutral

Do------- Full with
—— _..—-.— ..——

stalled glide, extremely
oscillatory in roll

Spin wry oscillatory in
roll and ,pitch

Rolled and pitched on back
Stalled glide, very oscil-

latory in roll
------------do -------------
Rolled and yawed into dive

or onto back

Stalled slide, very oscil-
l~tory in yaw and-pitch

Stelled glide .

Flight path
(after rudder reversal)

Steep glide, extremely
oscillatory in roll
and pitch

Same as before
reversal

Made 1/2 of a turn
and went into
stalled glide

Rolled into dive
Same as before
reversal

----------do----------
Stalled glide,”ex-

tremely oscillatory
in roll

Stalled glide

------
-—

NAT’IOITALADVISORY
CO]fl~~ITT~EFOR &jRONAUTICS



TABLE X

I

RES~JLTSOF SPIN T3STS OF’A

IN T.HEYINIMUN FLYING WEIWT

~poi.lers neutral; wing

1 .sCA~ ~lODRLOF THE XFG-1 GLIDER
17.8
COEDITIOITWITH INCR3ASED WING DIHEDRAL

dihedral increased to 8°;model
~aunched erect with spinning rotation, rudder full riglit;

rudder reversal frail fuli right to full left]

— — .—-—.

Elevator
-—

Aileron Description of model moticn Flight path
setting setting (before rudder reversal) (after rudder reversal).—. ——

.

Full UP Full with Stalled spiral slide Straight stalled glide
approximately 1A
turn after reversal

~Q-.-- Neutral ------------do------------- Do.
Do---- Full against ------------do------------- Do.

Neutral Full with Wanderins, wide radius spin Stalled glide 13 turns
F

after reversal
Do---- Neutral ------------do------------- Stalled glide ~flI-turn

after reversal
D9---- Full against ------------do------------- Stalled glide 1/2 turn

Full down Full with
after revei-sal

Spin very oscillatory in
(200)

Same as before reversal
pitch and yaw (made
approximately 1 turn in
flat attitude and 2 in
steep attitude, then
repeated) —-. _____._ —.——.

z
o.



TABLE X - Concluded

RESULTS OF SPIN T’33TSOF A >-SCALE
17.8

MODETJOF’THE XI’G-1GLIDER -Concluded

Elevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)

IuFull down Neutral Steep spin Went into inverted
(200) stalled glide approxi-

mately @ turns after
2

reversal
Do---- Full against Went inverted

.._._._l–––_
-------

—

NATIONAL ADVISORY
COMNITTEE”FOR AERONAUTICS
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‘1’AJ3LEXI

RESULTS OF SPIN TESTS OF A —-SCALE HCDEL OF THE .XFG-1GLIDER IN THE17:8
MINIMUM FLYING WEIGHT CONDITION WITH MASS R3TRAC’HD LATERALLY

[
IX and Iz decreased 20 percent of IX from normal; spoilers neutr~l;

model launched erect with spinning rotation, rudder full right:
rudder reverss.1fr~m fuli right to-full left] - -

Full Up

w---

Do----

Neutral
Do----

Do--.-
Full down

(10°)
Do----

Do----

Aileron
settin~

Full against

Neutral

Full with

Full against
Neutral

Full with
Full against

Neutral

Full with

—..— -
Description of model motion ~-–

J

—.-

1----

Flight path
(before rudder reversal) _ (after rudder reversal—. —— -— -——.——

Stalled glide, extremely
oscillatory in roll,
pitch, and yaw

------------do-------------

Stalled glide, extremely
oscillatory in roll

------------do-------------
Steep dive

Stalled glide
Hodel yawed and pitched

into steev dive
Steep glide: very oscil-

latory in roll
Stalled glide, sometimes

dived into inverted
position .— .

Stalled glide, very
oscillatory in roll;
rotation stopped in-
1 turn

Stalled glide, extremely
oscillatory in roll;”
rotation stopped in
3/4 of a turn

Same as before reversal

Do.
Stalled glide, very

oscillatory in roll
Same as befo>e reversal

Do.

Stailed glide

Xodel went into dive

—— —

NATIONAL ADVISORY COMMITTZX FOR AERONAUTICS
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TABLE XII

RESULTS OF SPIN T2STS OF A & -SCALE NODEL OF’THE XFG-I GLIDER
17.8

IN THE MINIHWi FLYING WEIGHT CONDITICN WITE HASS EXTENDED LATERALLY

[
IX and Iz increased 17 percent of’IX from normal; spoilers neutral;
model launched erect with spinnin~ rotati.cm,rudder full right:

rudder reversal fr&l fuly right to-full left~ - -

Elevator
setting

Full v-p
(30°)
Do--_-
D~-___

Neutral

D~----

Do----

Full down
(100]
Do----

Do--T-

——
Aileron
setting

Full against

Neutral
Full with

Full against

Neutral

Full with

Full against

Neutral

Full vfith

Descri;:tioilof model mo~o~
(before rudder reversai)

stalled glide, extren.ely
oscillatory in roll,
yaw, and pitch

------------do-------------
------------do-------------
:Iodelrolled and yawed into

st~~p dive
~JToderately steep spin, ‘cry

oscillatory in roll

St~~$l~dglide, yawed and

Rolled and yawed into
steep dive

i]eryoscilla~ol’-yspin,
whippins m~tion in roll
and yaw

--------.----do-------------

Flight path 1(after rudder reversal)

Stalled glide, very
oscillatory in roll

Do.
Do.

Same as before reversal I

Made Qturns and went
L

into steep stalled
glide

Stalled glide.

Dive

]iademore than 1 turn
and went into dive



Fspoilers neutral; model launched erect with s:3inningrotation, _
‘rfidderfull right; rudder reversai f’romfull ri@lt to full

,~l~vator
setting

-—.— .—— -----— ..-.

Full Up

Ijo-------

Do-------

Neutral
Do-------

Do-------

?u1l down (10°)
Do-------

Do-------

— —

— — .—

Aileron
setting

.———...-— — —-

Full against

Xeutral

Full with

Full against
Neutral

Full with

Full against
Neutral

Full with

— .—.—.. —— —.

Description of model motion
(before rudder revers2.1)

-—————.—-——.--—

Viclently oscillatory in roll,
yaw, and pitch

Stalled glide, very ~oscillatory
in roll and yaw .

Stalled glide, very Oscil?.atorjr
in roll

Pitched and rolled onto back
Stalled glide, very oscillatory

in roll, sometimes rolled
onto back

Stalled glide, very oscillatory
in roll

Rolled and pitched cmto back
Rolled and pitckiedinto

vertical or inverted position
Stalled glide, slightly

oscillatory in roll

leftJ
—

Flight path
(after rudder

reversal)

-----.-

-------

-------

-------

-------

-------

—

NATIONAL ADVISORY
COM?tITTE3FOR A.EHOIJAUTICS



TA3LE XIV

RESULT’SOF SPIN TESTS OF A ~-SCALd MODdL
17.8

IN THE MINIMUM FLYING NEIGHT CONDITION WITH

OF THE XP’G-1GLIDfiR

THE CENTER OF GRAVITY

ful-lright; rudder reversal from full right to-full lef~

Elevator
setting

—..—.—
Full Up

(~o”)
Do----
Do----

Neutral

Do----

Do----
Full down

(10°)
Do---

Do----
.!

—..-
Aileron
setting———.—

Full against

Neutral
Full with

Full against

Neutral

Full with
Full against

Neutral

Full with.-.
——-—

.-
I)escriptionof model motion
(bsfore rudder reverse.1)—...——— — -—

Sts.lled.~lide

------------do-------------
Steep wandering and very

oscillatory spin with
whip

------------do-------------

------------do-------------
Steep spin, extremely
wandering and oscillatory

Steep wanderin~ and oscil-
latory spin with whip

------------do-------------
—~.-—.

Flight path
(s.fter rudder reversal)— .——

Stalled glide, oscil-
latory in roll

Same as before reversal
Dive or stalled glide
Same as before reversal

Vientinto a steep’dive
in greater than

11 turns
&

-------

Same as before reversal
Went into inverted dive

Same as before reversal
—..— — ———-

I-4
3
●



TA3LE XV

~poilers neutral; r,odellaunched inverted
rotation, rudder full to pilotls ri@t; r
from full to pilotts right to full to ~

Elevator

~+

Aileron ‘ Description of model motion
setting setting (before rudder reversal)—— .- —...—.—.. .—— —-

Stick full Stick full Inverted glide oscillatory
forward right in yaw

(controls
together)

Do---- , Stick Very oscillatory in yaw,
neutral pitched into erect

position
Do---- Stick full Spin very oscillatory in

left roll and yaw
(controls
crossed)

Stick Stick full Oscillatory, pitched into
neutral right erect stalled glide

(controls
together)

‘ithspinning
.dderreversal
lot!s lef@

lFlight path
(after rudder reversal)

l;acle1A of a turn And
glided inverted

,’
Made 1A of a turn and

dived inverted

Do.

Nade 1/4 of e turn and
dived into erect
position

.
‘Rudder reversed while model was in flat attitude due to launching rotation

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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.-

Elevator
setting

——-

Stick
neutral

Dc)----

Stick full
back

Do----

Do----

1

..

TA13LEXV - Concluded

RIL51JLTSOF INVERTED SPIN TESTS - Concluded

-—-—r———— — ———

-1Aileron Description of model motion
(before rudder reversal)setting -___, ______

—.— .

Stick oscllla.tory,pitcned into
neutral erect :>osition;erect

stalled glide once
Stick full Oscillatory, pitched into

left erect position
(controls
crossed)

Stick full Oscillatory, pitched into
right erect stalled glide

(controls
together)

Stick I ------------do-------------
neutral

I
st::&full ------------do-------------

(controls
. crossed) I.— —... .—

1

Made @} of a turn and
went into erect
stalled glide

Made 1/4.of a turn and
dived inverted

Jladefrom l/1+to 1/2 Of
a turn and dived into
erect stalled glide’

Made 1/2 of 2 turn and
dived into erect
position i

I
‘Rudder reversed while model was in flat attitude due to launching rotation ●

~

NATIONAL ADVISORY
~

COMMITTEE FOR AERONAUTICS
P
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TABLE XVI

1 sCA~ MODEL
RESULTS OF SPIN TESTS OF A —-

17.8
THE XFG-1 GLIDER IN THE FULLY LOADED CONDITION

~poilem neutral; model launched erect with spinning rotation~ rudder
full right; rudder reversal from full right to full lef~

‘Elevator ‘

t-

Aileron
setting setting

Full up Full with
Do---- Neutral
Do---- Full against

Neutral

I

Full with
Do---- Nkutral

Do---- Full against

IFull down lhll with

(20° )

Do---- Neutral
Do---- ~ ~11 against

i—. ~..-

Descrlption of model motion I Flight path
(before rudder reversal) 1 (after rudder reversal) I

Stalled spiral gltde
Stalled glide
------------do------------
Spiral dive
Made 1/2 turn, dived a

short distance; motion
1s repeated

Very oscillatory with wide
radius; might be spin
or spiral glide

Wandering spin with large
DitChiXlg oscillations;
very stee+

------------do------------
Pitched into inverted spin

-------
------
--.----
---.-.-

Same as before reversal

Mde 1A turn and
glided (moderately
steep)

Made 1 to $ turns and

went into inverted
spins

Same as before reversal
w------

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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L[. ti

IN THE FULiIYLOADED CONDIT10N WITH SPOILERS EXTENDED

@adel launched erect with spinni.r,gro~ation, rudder
full right; reversal from fuil right to full lef~

1-Elevator
setting.—

Full Llp

D~----

Do----
Neutral

] Do----

1-
Do----

Full down
(20°)
Do----

Do----

—.

Aileron
setting

Full with
~~eutral

Full against
Full with
Neutral

Full against

Full with

Neutral

Full against

—.—. .——. — .—
Description of model riOtiOil
(before rudder revers ~1)— —— - —

Spiral glide
------------do-------------
------------do-------------
------------do -------------
------------do -------------
y/anUerirAgsnin; me y~wingj

oscillation per turn of
spin

Spiral dive

------------do -------------

Went into inverted spin

Flight path
(after rudder reversal)

-------
-------
-------

Same as before reversal
Do ●

Made 1/2 turn and went
into stalled glide

Made 1!4 turn and went
into inverted dive

Made 3/h turn and went
into inverted dive

.------

~A~IoJII~ ADVISORY

COMNITTE.EFOR AERONAUTICS



TABLE XVIII

RESULTS OF SPIN TESTS OF A

~poilersneutral; model launched erect wittnspinning rotation,
rudder full right; rudder reversal from full right to full lef~

Elevator
setting

Full Up
Do----

Do----
Neutral

Do----
Do----

Full down
(290)
Do----

Do----

Aileron
setting—..——.—

Full with
Neutral

Full against
Full with

Neutral
Full against

Full with

Neutral

Full e.gainst

——.. ——.—

— —. .— —
Description of model motion
(before rudder reversal)——. — ...-..-—-— ..—

Stalled glide
------------do-------------
------------do------------
Wide spiral glide oscil-

latory in pitch
------------do-------------
Wide radius spin
Spin, oscillatory in roll,
pitch, and yaw

Spin, oscillatory in
pitch and yaw

Spin, oscillatory in roll,
pitch, and yaw

.—— .—...—.—-

——
Flight path

(after rudder reversal)—. —. ..

------.
-------
-------

Same as before reversal

Do.
R!ade1/2 turn and dived
Same as before reversal

Do.

blade3/4 turn and went
into stalled glide; or
made 1A turn and went
into steep inverte&
dive

.—

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



RESULTS OF’SPIN T’3STS

FULLY LOADED CONDITION ‘WITH

~poilers neutral;
rudder full right

1=
—.

Elevator
setting

J

Full Up
Do----
Do-----

Neutral
Do----
Do----

L

M leron
setting

Full with
Neutral

Full against
Full with
Neutral

Full against

—..

model launched erect with s,pinningrotation,
; rudder reversal from full right to full left]

Description of model motion
(before rudder reversal)—— —

Went into a stalled glide
------------do -------------
------------do-------------
Steep spin
------------do -------------
------------do -------------

F_lightpath
(after rudder reversal)

-------
-------
--.----

Same as before reversal
Do ●

Dived out after approxi-.
mately 1 turn

.— —

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLSlXX

RESULTS OF INW3RTED SPIIiTESTS OF’A ~ -SCALE MODEL
17.8

I OF THE XFG-1 GLIDER IN FULLY LOAD3D CONDITION

~poilers neutral; model launched inverted with spinning
rotation, rudder f’ullto pilot~s right; rudder reversal

from full to pilot!s right to full to pilot’s lef~

Stick full Stick full right
forward (controls together)

Went into erect dive

Do---- Stick neutral Spun with violent
rolling and pitch-
ing oscillations

(

Stick Stick full right Went erect
neutral (controls together) 1.—. —

Flight path —
(after rudder
reversal)—.

Mode1 immediately
rolled with ailerons
into erect position,.
pitched into in-
verted position, ,
pitched back into
erect position and
dived.

Came out in a steep
“erect or inverted
dive after 1A turn,
model tended to
pitch into flat
inverted position

-------

NATIONAL ADVISORY
1

COMMITTEE FOR AERONAUTICS



TABLE XX-- Concluded

RESULTS OF INVERTED SPIN TdSTS - Conciuded
~— ...—

!
———.

Elevator

L

Aileron
setting setting

— —— ———.—

Stick
neutral

Stick full
back
Do----
Do----

Stick neutral

Stick full right
(controls together
Stick neutral
Stick full left
(controls crossed)

Description of model
motion (before
rudder reversal)———.—

Went erect

---------do---------

---------do---------
Increased rolling
oscillations
caused model to go
into erect stalled
glide

—..— —

Flight path-
(after rudder
reversal)—

4-------

I
-------

i

-------
------ -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE XXI

EWWCT OF SPIN-RE’COW3W PAI?ACHUTESON RECOVERY

CHARACTERISTICS OF I!ODELS OF TEE XFG-1 GLIDER

[Loading as indicated; parachute towline attached to tailcone; spoilers
closed; ailerons neutral; recovery attempted by opening parachute;
rudder full with the spin during recovery attempt; right erect spins~

E__.L~
...-..._-~–—___

TCenter-of- –
--- -—-...——— —— ..-———-.

j

T

_-L_ -—

{ parachute data Rate Of’

gravity
Elevator

vsrtical
position, Diameter !l?owline descent (fps)

1
Turns for

position percent i (feet) length (feet) (full-scale) recovery ~
M..4DC ~‘(fullscale) I (full sc~le) . (&)
—— I

J
Minimum flying weight I—. —- ~.—

“?

bl +
Full UP

~ ~ 3.6

I

27
I

150 222* I

Full down 14
I

3.6

Full UP u I 4*5

Full down Q
I

4*5
5?’

53

aBecause 8f the wandering and oscillatory nature of the spins,
tJ

the values of the airspeed are very appro~imate. ~
b
Visual estimate. I-J

NATIONAL ADVISORY
COMMITTEflFOR AERONAUTICS



TA~3L3XXI - Continued

2FFECT OF SPIN- .RECOVZFW PATT.4CHU’M3- Continued

Fully loaded

i

r.—.------..—r .——
Full UP 14 5.5 27 250

P

1, 11 2

I G’Fulldown4 595 27 250 1, 23
L

L2
Full UP 14 7.1

I
27 250

4’4
Full down 4 7.1 2?

I
250 11, 2

J__

4
1

Full UP 19 7.1 27 I 250
5

_mlL__t 7“1
15.5 250

~.

.&t

aBecau~e of the w~ndering and oscillatory n?ture of the Wins}

the values of the airspeed are very approximate.

lTATIONALADVISORY
COMMITTEE FOR &3RONAUTICS

.“.



TABLE XXI - Concluded

EFFECT OF SPIN-RECOVERY PARACHUTES - Concluded

Elevator
position

Center-of-
gravity

position,
percent
M.A*C.

.———.. .

—.— --~—

parachute data J.
Rate of

..—-. vertical
Dimeter Towline descent (fps)
(feet) length (feet) (full(g;ale)

(full scale) (full scale)
,

.——..—. —- .-

~ully load~~
——.——. -.-———-——--- ---.-—---..-.—--------

[

-..’__...—- ,-— .-.-,--—.—

Full down
4 r 7“1

lz.~

Full UP. 19

111

7.1 13..$

Full down I 19

L
7.1 1~.fj

..— —..——---. .—..————. -———-.—.

,—— ...

250

250

250

‘Because of the wandering and oscillatory nature of the spins,
the values of the airspeed are very approximate.

Turns for
recovery

.—.—.

No effect of
parachute

NATIONAL ADVISORY
CONWITTEE FOR AERONAUTICS



—

MR No. L5K21

TA2U XXII. - RESULTS OF L033GITUD13ML-TRIU TEsTS

OF TS2 ~-9CAIZ MODEL OF THE lfmz-1 GL1D2R17.8

.poxLerm ma laming gem ● zracmtaa; almronm n.ucrmL; rudderneutr.lJ

Zla.ator
,.tth.g
(dog)

FIVa
30V
al
n
lD

2D
5D

7+
10D
Fr**
30U

10U
5U
N

2+
5D
10D
PP..

30U

n
lD

2D

3D

5D
7+0

10D
gr$.

N

5D

7;D
I.OD
Fiwe

30u

N

10U
15D
Fre*

30U

N
10D

Free

you

}OD
15D
20D
25D

&

50U

N
10D

Spoi l*Fa

Nmltral
---do---
.--do---
.-.d----
---do---

---do---
..-do---

...do---

---d.a---
Extend*d
---a.a---

---do---
---do..-.

---do---

---do---

---do---
---do---

Neutpal

---do---

---do---
---do---

---do---

---do---
---do---

---do---

---do---
;Xtended
---do---

---do---

---do---

---do---

---do---
Veutr.1

---do---

---do---

.--do---

.--do---

lxtandod

.--do---

.--do---

.--do---

Ieutrel

.--do---

.--do=--

.--do---

.--clo---
,..do---
.--do---

,..do---
:Xtena.d

.--do---

,--de---

.--d.a---

I,md@
F,*U?

on
~---do ----
----do----
----do----
----d o----

----do ----
----do----

----do----

----d o----
--..d.a----
----do----

-.--do----
--.-do----

----do---

----d.---

----d o----
----d o----

Jettisoned

----do----

.---do----

.---do----

----do----

---40----

----do----
----d.----

----do ----
---.do----
-.--do----

----do----

----do----

----do----

----do ----
on

----d.----

.---d o----
----de ----
----do ----

----do----

.---do----

----do----

.---do----

Jottiaon.d

----do----

----do ----
.--.d~---.

----do-----
----do----
----do-----

----do----
----do---,

.--.d~----

----do----

----do----

19

19

19
19
19

19

19
19

TriM U@

hvx-ml
llxht rm~

-----
----
----
----
0

----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
-3

----

----
----
----

----
----
----
----
----
----
----
----
----

----
----
----
----

----
----
----

----

----
----
----
----
----

----
----

----
----
---.

of attmo
LmrRm

pmitlv.

45

#

2+
25

----
iii

2
32+

2+
25----
Z@

f57:

$

32+

30

25
23

----

;$
2+

27$

4
----
59

----

3$
25
----
----

~
2

35+
----
46$

68

ZZ

~

----
:...

6.?

37;
26

a, d.g

Invert-t

-27+----
2A

x’
-3%

:~:
----

-18
-22

-2$+

-~

-302
-39
-28

----

:3

-30

-20

-34

-36

-36
-37
----

-30

-2+

-33

-u
-55

----

45

:~~
2

----

----

----

.65

-59

----

:*

j;j

-69
-51

-lG

-41

-60

Trtid mwmtarll,
mt 0. (.ppk.ox.)

Trlimmd u.omontmrily
.t -30 (Wprox, )

very .eneitlv*

very little fo?cm re-
quired for Chans.
rro!merect to ln-
vei-tc.d ettitudn

Sllghtly Osclllmtoq
in both attitude.

EFeot ettitude, too
OSclll.twy to
detm-ml”e reading

Oscllla$ed betwe.e”

-65° and -7~.

Did not trim@
any.ttltude

OSCillntd et time.

Both attitudes .er.
O~Cill.torY. E1*7..
v.tms .ar.e●t MM.
mum d.flectlon. rm
botb attitude. .

Er*ct nttitudes -era
Cmcill.t.ry 8olr,.-
tlme, .

Paua.dSt .F4Ct nttl-
tude, then rot, ted
Into Inmr.t.d
attituds.

~eCt nttltuda, too
Oacill. toq to
detarmlne .emdhg.

m.ct attitude, wcs
Smletlm., oaclllator J

3oth attitudes
slightly oaclll. tory.

MAT1aNAL ADVISORY
CO!fl.llTTZEFOR A2RONAUT1CS



TABLE XXIII

TUMBLING TESTS OF THE XFG-1 GLIDER MODEL
I

WITHOUT INITIAL ROTATION

[Modolreleasedin a nose-upattitudesimulatinga whipstall.
l~inimumf’lylngweight;spoilersneutral]

Tunne1
Elevator

Rate of
Aileron Rudder airspeed descent

setting setting setting (ful:f~:fle) (ful~f::fle) Behavior of model

3(Y% N N 38 100 oscillatedin pitchthroughal-
most*1800measuredfrom nose-
down attitude

---do--- ---do-- 38 102 Do.
1O$D ---do--- ---do-- 38 ---- oscillatedin pitchthroughal-

most+1800measured fromnoSe-
donn;ttltudeintoerect
stalledattitude

30°u ---do--- 25°L 38 ---- Oscillatedin pitchthroughal-
mostt1800measuredfromnose-
downattitude

N ---do--- 25°L 38 ---- Do.
10°D ---do--- 25°L 38 ---- Do●

30°u RAD,LAU N 49 ---- Do.
N ---do------do-- 49 ---- Oscillatedin pitchthroughal-

mosttI.800measuredfromnose-
down”attitudeintoerect
stalledattitude I

10°D ---do--- ---do-- 49 ...- Do. I

N - Neutral
RAD - Right aileron.down NATIONAL ADVISORY
LAU - Left aileronup COMMITTEEFOR AERONAWCICS

z
o.
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TABu XXIV.- TUMBLING T&sTS OF T5E XFO-1 GLID~ MOESL WITEI13111AL ROTATION

tinimumrlyiog
W*Ight

Do------
DO------
Do------

Do . . . . . .

Do------
DO------

------EL-----
Do------
Do.--.--
DO------

DO------
Do------
Do------

Do------
~o.-.-.-
Do......

Dc, . . . ..-

~o..--..
nO------
Do------
Do------
~o------

DO------

00--.---
Do------

~~-----.
DO------
DO--, ---
Do------
Do------

DO------

w ------

I . &.5drcont

00------
DO------
00 .-----
~o- ....-

0’3.-----

DO------
DO------

:.gigwpcwt

DO------
Do------
De,.-....
Do.-... -

Do------
Da
Do:=::

Do------

Modol condition

Landing gear on
a~ilers n*utr*l

-------do-------
-------do-------
-------dO-------

-------do-------
-...-..do-------
-------do-------

-------do-------
-------do-------
-------do-------
-------do-------
-------do-------

-------do-------
-------do-------
-------do-------

-------do-------
-------do-------
-------do-------

9p0ilerm Mutral
landing gow
Jettisoned

-------do-------
-------do-------
-------do-------
-------do-------
--,-.--do------

-------do-------

-------do-------
Landing Par on
spoilers
axtendad

-------do-------
-------do-------
-------do-------

da------- -------
-------do-------

-------do-------
-------do-------
Landiq sesr on
tpOil*rsneutral
.------do-------
------- do-------
-------do-------

do------- ---.---
-------do-------

-------do-------
.-....-.fO...-...
-------do-------

------- do-------
-------do-------
-------do-------
-------do-------
-------flo-------
-------do-------
-------do-------

-.--- .-aa -------

Ilsrator

!QwlL

30”U

l~OD
30’%

#OD
30”U

l)%
yJOu

l~OD

300U

18°D

30”U
l&OD

30”U

l&D

&’
N

10°D

ZIOD
30”U

l~OD
ZOOD
Jo%
M

10~D

~~o:

18°D
20‘D
~oou
II

~oOD
a%
y)ou

18:D

%’4

18°D
a%

~oOD

Aileron
2s!ws

n

---do---
-.-do..-
---do---

.--do.-.
---do.-.
RAO, LALI

---d.O---
---do---

--.$0---
---do---

---do---
---do---
---do---

Fff&oLAU
---

---do---

M

---do---
---dO---
---do---
---do---
---do---

---do---

---do---
---do---

---do---
---do---
---dO.-.
--.do---
---do---

---do---
---do---
---do---

---do---
---do---
---do---
---do---
---do---

---do-..
---do---
---do---

---do----
---do---
---do---
---do---
---do---
---do---
---do---

---do---

Rudd.r
setting

1

---do---
---do---
2YL

~%

---do---
---do---
---do---
---do---
.-do-..

4

2 ‘L
‘L
‘L

N
---do---
---do---

---do---

---do---
..+~-.-
---do---
---do---
---do---

---do---

---do---
---do---

---do---
---do---
---do---
---do---
.-.do---

---do---
---do---
---do---

---do---
---do---
---do---
---do---
---do---

---do---
---do---
---do---

---do---
---do---
---do---
---do---
---do---
---do---
---do---

da..- ---

Nmgativm

----do----
----do----
----do----

----d; ----

----do----
----do----
Positivo
----do----
----do----

----do----
----do----
----do----

----do----
----d.a----
----da---N-

egative

----d.a----
----dc-----
----do----
Pomitlvo
----dO----

----do----

----do----
Negative

----do----
-.--dO----
----do----
Positiwo
----do ----

----do----
----do----
Negativ@

.---do----
----& ----
.---de----
Posiiive
----do----

----do----
----do:---
Nmgmtiva

----&l----
----ao ----
Poaitivb
----do----
----do----
----do----

----do----

Rat9 of
descant

(ful~r::;le

----

----
----
----

----
----
-.. .
9-7

----
----
----

----
----
----

----

----

----

----

----
----

----
----
95
95----

----
----
----
----
----
----
----
----

----
--------
----
----
--------
----
----
----

----

Stoppod twbling and
PitCb8d into dive Fitl
oscillation in pita

Did not ●top tumbli~

Wx.:%’%iz:i.
Oscillation inpitti

Did not ato~otumbliog

Stoppod t~bling in in.
vartad pmitimUM
rollod to pllotts l.ft
iUtO ●rmot ●ttitude

Did not ●top tumbling
rm.
00.
Do,

Stopp,d tumbll~ ~d
Pitoh8d into divo with
oscillation,in pit&

Did not mtop ttmbling

Stopp=d tti?in,g mnd
Pltch6d into divo with
Oscillation.in pitch

Dld not atop twbling
DO.

Stopped twbling ●nd
pitchsd into dim .ith
O#Cilhti O”S in pitdl

Stopped tumbling ond
pltchod into M ●z’+ct
stall-d attltudo

Did not ato~umbli~

Da.
Do.

Stopp.d tumbli~ mnd
pltchbd into divw with
OmCill*timS in pitoh

?,toppmdtuabli%and
plteh8d into inverted
●tmll.d ●ttttuda

DO.
Stopped tumblt~ and
pitohad into eredt
stalled poaltion

Did not stop tumbllng
m.
Do.

Stopped tu%;ng and
pitch-d into diva with
oscillation in pitch

Do.
Do.
Do.

00.
Dld not stop tumbling

Do.
Do.

Stopwd t=bling ●nd
Pitohad into div. with
O#Cilhti~Ollin pitch

00.
00.

Did not .to~o:umbliq

DO.
no.
Do:

Stopped tum!%ing d
pitch-d into diva fith
Omcillntiorni“ pitch

Do.

K41iOkUAOilww
@JMMITIEEFOR~

MD - Right allaron down
f.AU- I-art●ilaron UP
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TA13LEXXV

TUMBLING TESTS OF A &-SCALE MODEL
17.8

o~ THE ~F(_+lG~J_DERIN T~ FULLYLoADED

CONDITIOTSWITH INITIAL ROTATIOIT

@poilers neutral; ailerons and r-udder neutral;
model given initial rotation about the lateral

a,xis; the tests were run at an airspeed
of 102.1 feet per second, full scaled

—.——.———.—...
I

‘---------– -~=I---4
Direction of

Elev2tor initi=l pitch-
setting ing rotation

l—
I Full UP

i
Negative

I
~ Stopped tumbling and

dived I
~Jeutral ------do ------ Did not stop tumbling

Full down -.----do ------ Do,
Full Up Positive Do.
}Teutral I --.---~o*.--.- Stopped tumbling and

I

i-

pitched into dive
Full down ------do--*--- Stopped tumbling
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Normal condition, spoilers extended.

Normal condition-landi ng gear jettisoned.

Figure 2.- Photographs of the ~8-scale model of the Cornelius XFG-1 glider.
.
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